Infection involving the epidural space is seldom encountered, although when present it is often devastating. Spontaneous spinal epidural abscess occurs in 0.2 to 1.3 per 10,000 hospital admissions and typically affects immunosuppressed patients. 3, 8, 11, 16 Treatment has traditionally involved surgical decompression with or without drainage of the abscess, followed by prolonged antimicrobial therapy. Stabilization of the spinal column is also required occasionally. 1, 4, 7, [11] [12] [13] 16 If the abscess extends over many segments, or if it extends in a panspinal fashion, surgical treatment can involve multilevel laminectomy, which over many levels can be destabilizing. 2, 9, 11, 12, 14, 16 In this report we present five patients with spinal epidural abscess to demonstrate the ability to predict the intraoperative appearance of this condition by using MR imaging. This is an update of previously published cases, with additional cases presented in support of our hypothesis. 15 In our previous paper, we suggested that the consistency of the inflammatory tissue can be predicted preoperatively, in some cases allowing limited laminotomies with saline lavage to be performed using a feeding catheter. Consequently, the surgical approach could be planned preoperatively, based on the MR findings. The two additional cases presented here demonstrate this even more clearly, and also confirm the need for the treating surgeon to examine the MR images closely to offer appropriate treatment.
Operation. After the MR image was obtained, this patient was taken immediately to the operating room. After induction of general anesthesia, she was placed prone in a three-pin head fixation device and a midline incision was made from the occiput to the sacrum. Multilevel laminectomies were performed from C-2 to L-5, with the exception of T-6 and T-7. Frank pus was noted in the epidural space, and swabs were taken. These ultimately grew S. milleri, which was sensitive to penicillin. Notably, the consistency of the pus was such that there were portions that were liquid in nature, whereas other portions were solid and phlegmonous, more the consistency of granulation tissue. There were no intraoperative complications.
Postoperative Course. After surgery, intravenous benzyl penicillin was administered for a total of 6 weeks. Over this period there was a moderate improvement in the patient's neurological function. She was continued on a regimen of oral penicillin for a total period of 12 months of antibiotic treatment. Follow-up MR imaging studies demonstrated resolution of the epidural changes and no change in the sagittal alignment of the spinal column.
Case 2
History and Examination. This previously healthy 14-year-old boy was admitted to our institution with a 3-day history of progressive weakness. When he was assessed in the emergency room his temperature was 37.9˚C. Neurologically, he had a flaccid quadriparesis with a Medical Research Council score of 1-2/5 power in all motor groups. Anal tone was present but he required a urinary catheter. His initial white blood cell count was normal but his erythrocyte sedimentation rate was elevated at 90 mm/ hour. He was taken immediately to the MR imaging unit, where images of his entire spine were obtained (Fig. 2) . A panspinal epidural abscess was noted that extended from the craniocervical junction to the sacrum. Interestingly, the pattern of enhancement was not uniform, indicating that some portions were not granulation tissue, but rather were liquid in consistency.
Operation. The patient was taken to the operating room, general anesthesia was induced, and he was placed prone. Limited laminectomies were performed at C-3/4, C-7/T-1, T-5, T-12, L-3, and L-5/S-1. Liquid pus was encountered intraoperatively. The epidural space was washed thoroughly with saline solution delivered through an infant feeding catheter, and all purulent material was evacuated, decompressing the spinal cord. Subsequently, S. aureus was cultured from the wound and intravenous flucloxacillin was administered.
Postoperative Course. Over the next few weeks, the patient had an excellent neurological recovery. Repeated MR imaging showed resolution of the abscess, and after 6 weeks intravenous antibiotic therapy was discontinued. Six months after surgery, the patient was able to walk unassisted. Fig. 1 . Sagittal Gd-enhanced T 1 -weighted MR images demonstrating an extensive heterogeneous epidural collection. The majority of the collection is enhancing, representing phlegmonous tissue. Fig. 2 . Sagittal Gd-enhanced T 1 -weighted MR images again demonstrating an extensive epidural collection, although in this instance the majority of the collection is hypointense with an enhancing rim, representing liquid pus.
Case 3
History. This 72-year-old man with type 2 diabetes was admitted to a peripheral hospital with a 5-day history of fever, lethargy, malaise, and hyperglycemia. He also noted a 2-day history of neck pain. Before his transfer he began to experience progressive weakness, initially in his left lower limb, but it spread to involve all four limbs.
Examination. On arrival at our institution, this patient had marked weakness in all four limbs, with the left side worse than the right. He had a preserved right triceps jerk reflex; however, all other limb reflexes were lost. He had a sensory level to pain and temperature of C3 on the left and T4 on the right. His admission MR image is shown in Fig. 3 . Of note was the epidural enhancement from the occiput to the upper thoracic spine. In this case the enhancement was in parts uniform and in other parts patchy. The implication again was that the uniformly enhancing portions were liquid pus, with more solid phlegmon in the heterogeneous regions.
Operation. The patient was taken to the operating theater, general anesthesia was induced, and he was placed prone in a three-pin skull fixation device. The laminae from C-2 to T-2 were then exposed. Limited laminotomies were performed at C-7 and T-1, and liquid pus was found in the epidural space on incision of the ligamentum flavum (Fig. 4 left) . The epidural space was the catheterized with a No. 8 French fine-bore infant feeding catheter (Mersk Indoplas Pty. Ltd., Sydney, NSW, Australia), and the space was then irrigated with copious amounts of normal saline until a clear return was obtained (Fig. 4 right) . Laminectomies were then performed from C-3 to C-5.
Postoperative Course. Cultures of the epidural pus grew S. aureus, which was sensitive to penicillin, cephalexin, and cephazolin. The patient was treated initially with intravenous flucloxacillin, and this was soon changed to cephazolin. After a total of 6 weeks of intravenous therapy, his medication was changed to oral cephalexin. Serial MR images confirmed complete resolution of the epidural enhancement (Fig. 5) .
Case 4
History. This 55-year-old man with a history of type 2 diabetes had a 4-week history of persistent neck pain and fluctuating arm symptoms. He initially sought chiropractic intervention and physiotherapy, but left arm and right leg weakness developed and he was referred to a local emergency room. Overnight his weakness progressed to a near-complete quadriparesis with minimal movement in both shoulders and no distal arm or leg movement.
Examination. The patient underwent emergency MR imaging, which revealed an anterior epidural mass causing spinal cord compression at the C4-5 vertebral body level (Fig. 6A) . Gadolinium enhancement of the main mass was not present but the posterior longitudinal ligament enhanced, which was consistent with an anterior epidural abscess with associated osteomyelitis in the C-4 and C-5 vertebral bodies (Fig. 6B) .
Operation. The patient was taken to the operating room and an emergency decompression was performed via an anterior approach. Thickened anterior longitudinal ligament was found. A vertebrectomy of the two levels was performed and liquid pus was encountered. A thorough debridement and decompression procedure was per-
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Spinal epidural abscess: MR appearance and surgical management 3 Fig. 3 . Sagittal Gd-enhanced T 1 -weighted MR images demonstrating an epidural collection extending from the occiput to the upper thoracic spine. The appearance is mixed, with some areas of heterogeneous enhancement and some areas of hypointensity with an enhancing rim. formed, and a titanium mesh cage (Pyramesh; Medtronic Sofamor-Danek, Memphis, TN) filled with iliac crest autograft was placed in association with an anterior cervical locking plate (Atlantis; Medtronic Sofamor-Danek) (Fig.  7 left) . During the same operating session a posterior approach was used to perform a C3-6 laminectomy and C2-7 instrumented fusion with polyaxial Vertex instrumentation (Medtronic Sofamor-Danek). Pars screws were inserted into the C-2 level.
Postoperative Course. Postoperatively, the patient's inflammatory markers rapidly fell to normal. Cultures of intraoperative swabs yielded S. aureus, and the patient was maintained on intravenous and oral antibiotic therapy for 3 months. Despite his preoperative neurological state, he made a partial recovery of his quadriparesis with 3-4/5 strength in all limbs, and was able to feed himself and walk with aids at 6 months. His follow-up images at this time demonstrated complete cord decompression (Fig. 7  right) .
Case 5
History and Examination. This 60-year-old man was admitted to our institution with a history of type 2 diabetes, 2 weeks of low-back pain, and a 1-week history of progressive leg weakness, constipation, and loss of bladder control. When he was assessed in the emergency room, he had 0-1/5 distal leg weakness and was unable to elevate his legs from the bed. Anal tone was reduced and he had a high postvoid bladder residual volume. His inflammatory markers were raised and emergency MR imaging confirmed ventral compression of the cauda equina secondary to a mass at the L2-3 level. It was notable that on the MR image obtained with contrast material the central portion of this mass did not enhance, and the provisional diagnosis was liquid epidural abscess (Fig. 8) .
Operation and Postoperative Course. The patient was taken to the operating room and exploratory surgery was performed. No pus was found but a wide posterior and lateral decompression was confirmed. Postoperatively, the patient continued to have elevated inflammatory markers with only a modest neurological improvement. Repeated MR imaging confirmed persistent compression and the site was again explored. As expected, liquid pus was found and drained. The collection was very ventral to the thecal sac. The patient has experienced slow improvement neurologically and in his inflammatory markers. At 3 months postsurgery he can ambulate independently but still has sphincteric disturbance.
DISCUSSION
Spinal epidural abscess, although rare, is associated with high rates of morbidity and mortality. 1, 4, 7, 13 The initi- ation of treatment is often late because of difficulties in recognizing the condition. 7, 12, 13 As detailed in various reports, 1, 12 Morgagni is frequently credited with recognizing and characterizing pyogenic infection in the epidural space in the 1760s. Nevertheless, surgical treatment was not successfully performed until the early twentieth century. The causative organism most frequently implicated in spinal epidural abscess is S. aureus.
4,11,16

Appearance on MR Imaging
A spinal epidural abscess tends to have low or intermediate intensity on T 1 -weighted MR sequences and high or intermediate intensity on T 2 -weighted images. The fluid portion of an abscess is usually markedly hyperintense on T 2 -weighted images, with corresponding hypointensity in T 1 -weighted MR images. 8 Our cases have shown that Gd-enhanced MR images can aid in the definition of the age and consistency (that is, pus or granulation tissue) of the abscess. Liquid pus is associated with an area of low signal intensity on T 1 -weighted images, whereas a rim of tissue that enhances after the injection of Gd represents granulation tissue. 8 Spinal epidural abscess is frequently associated with evidence of spinal cord compression on MR imaging.
3
Treatment Options
When there is a neurological deficit associated with spinal epidural abscess, the treatment is usually decompressive surgery in conjunction with antibiotic therapy. 1, 4, 7, [11] [12] [13] 16 Surgical treatment has traditionally involved laminectomy with or without fusion. In instances in which anterior column elements are involved in the infectious process, destruction of bone and intervertebral disc may necessitate corpectomy and stabilization. 4, 11, 16 More recently, minimally invasive techniques such as laparoscopic and thoracoscopic surgery as well as video-assisted open procedures have also been described.
14 Intraoperative ultrasonography has also been used as an aid to assess the adequacy of decompression and the extent of drainage of the abscess. 10 The insertion of catheters into the epidural space and abscess by using both open and percutaneous techniques has also been described. 5, 9 These techniques appear to be desirable because they offer a considerably less invasive treatment option for spinal epidural abscess. The difficulty has been in predicting which method of surgical treatment for spinal epidural abscess will be most effective and least invasive in each case. Although it was previously thought that rapid progression of the disease would be associated with purulent material, whereas a chronic infection would result in the accumulation of phlegmonous granulation tissue, a recent study has demonstrated that the intraoperative findings do not correlate with the rate of disease progression.
11
In our first case, the MR findings led us to adopt a widespread decompressive approach, with extensive laminectomy. In contrast, the MR images obtained in the patient in Case 2 demonstrated extensive areas of liquid pus, so it was technically possible to treat the abscess with limited laminotomies and irrigation of the epidural space. The MR findings of a large area of liquid pus as well as areas more indicative of granulation tissue in our third case required a combination of the aforementioned techniques, and based on these MR findings we were able to plan our surgical approach. The postoperative MR findings demonstrated that this technique was effective in draining the abscess and adequately decompressing the spinal cord, while minimizing the risks of postlaminectomy kyphosis by using the somewhat minimally invasive technique of catheter irrigation through limited laminotomies. The extensive bone involvement in the fourth case, as appreciated best on the T 2 -weighted MR sequences, as well as the predominantly anterior location of the infected tissue, led to the use of an anterior surgical approach. Finally, the lack of liquid pus obtained during the first operation in the fifth
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Spinal epidural abscess: MR appearance and surgical management case, contrary to expectations based on the MR appearance of the spine, resulted in inadequate decompression that necessitated a second procedure. Although no patient in this series suffered a postlaminectomy kyphosis, this is clearly a risk with such an extensive number of laminectomies, with the risk in some series reported to be as high as 21%. 2, 4, 6, 9, 12, 14, 16 
CONCLUSIONS
Spinal epidural abscess is a devastating condition if not diagnosed early and treated promptly and effectively. Preoperative MR imaging provides a noninvasive, accurate means of diagnosis in this condition. Recent advances in the surgical treatment of spinal epidural abscess have resulted in the increased use of less-invasive surgical techniques, thereby decreasing the morbidity associated with surgery in both the short and long term. In our series we demonstrate the ability to predict the intraoperative nature of spinal epidural abscess and thus treat the patient surgically in the least invasive but most effective manner.
